Surfactant catalyzed oxidation of n-butyric acid has been carried out for kinetic and mechanistic investigations in sulphuric acid medium by molecular HMnO 4 species. Reaction has also been observed in absence of surfactant. The substrate oxidised in two steps in which first step is slow in comparision to second step which fast one. Micelles of surfactant work as positive catalyst. Substrate and oxidant both follows first order kinetics. Different hypotheses have been applied related to the acidity function to arrive the correct reaction mechanism. Number of moles between substrate and oxidant has also been determined. Temperature variation parameters presented in terms of activation parameters, those are found in prescribed limit. Mechanism for reaction has been suggest on the basis of parameters observed.
INTRODUCTION
Now a day's surfactant has been involved in solution kinetics due to their catalytic efficiency at Pre CMC level. Monomers of surfactant form longer aggregates those are known as micelles [1] [2] [3] [4] [5] [6] [7] . In present work an anionic surfactant i.e. sodium lauryl sulphate is used as miceller catalyst. The oxidation kinetics of carboxylic acids has become one of the very interesting subject of investigation and have been examined by number of workers. Since little work has been reported on the oxidation of carboxylic acid by HMnO 4 species in presence of micelles as catalyst and about the kinetics and mechanism of many of its important reactions [8] [9] [10] [11] [12] hence the present work has been taken for the research. The oxidation has also been carried out by potassium dichromate from the comparative point of view [13] [14] [15] [16] .
The role of permanganate ions as an analytical oxidizing agent in synthetic and analytical works is well known hence it is selected as oxidant in the present investigation. Attempts have also been made to elucidate the type of reaction mechanism which is based on the influence of H + ion on the rate of oxidation reaction. The ZuckerHammett, Bunnett and Bunnett-Olsen hypotheses were applied to know the role of water molecule in the reaction mechanism.
MATERIALS AND METHOD
Kinetic studies were performed on Systronic 104 spectrophotometer at 525 nm i.e. at the absorbance maximum of permanganate at constant temperature and at 420 nm i.e. at the λ max of dichromate. It was verified that there is no interference from other reagent at these wavelengths. All kinetic measurement was conducted under pseudo first order conditions where the substrate was maintained in a large excess over the permanganate and dichromate ion concentration.
The standard solutions of n-butyric acid (BDH) and sodium lauryl sulphate (BDH) were prepared in doubly distilled water. H 2 SO 4 (Analar) was used as a source of hydrogen ion. Permanganate solution was prepared as given by Vogel 17 . Potassium dichromate solution of Analar grade from Rankem was used.
RESULTS

Dependency of reaction rate on permanganate concentration and potassium dichromate
Dependency of reaction rate on permanganate has been studied by varying is initial concentration at constant concentration of other reactants. It shows that rate constant does not alter with variation in oxidant concentration. The plot of log of optical density i.e. log(a-x) and time exhibit double stage process each being linear. It confirms first order kinetics with respect to permanganate ( Figure-1.1 ).
The oxidation has also been carried out by potassium dichromate from the comparative point of view. In this case it has been observed that the reaction is single stage process ( Figure-1.2) .
From the comparative point of view it has been confirmed that oxidation by dichromate is possible at very low concentration of sulphuric acid in comparision to the oxidation by permanganate. It has also been observed that the rate of oxidation by dichromate is comparatively fast than by permanganate.
Study of variation of substrate concentration
To study the variation of substrate concentration experiments were performed at 308 K with different initial concentration of substrate, other reactants concentration were kept constant. The rate for both in uncatalyzed and catalyzed reaction was found to increase with the concentration of substrate. Table. 1.
Plot of logarithm of (n-butyric acid) with logarithm of rate constant (k 1 and k 1 ") give straight line (Fig-1.3 ) approximately of unit gradient in both the stages. These show that the n-butyric acid follows first order kinetics for each stages and plots of 1/k 1 , 1/k 1 " against 1/Substrate concentration (i.e. Michaelis-Menten plots) give straight lines (Fig-1.4 ) passing through the origin for both the first and second stages. These again exhibit the first order dependence of reaction rate on n-butyric acid for both the stages. It also confirms that substrate and oxidant are not forms any intermediate complex 18 . However if any complex is formed, its formation constant would be extremely small 19 .
Effect of the variation of the [H ± ] concentration
The reaction was studied at different sulphuric acid concentrations, keeping the constant concentration of n-butyric acid, potassium permanganate and sodium lauryl sulphate. The variation of the [H + ] concentration on the reaction rate has been investigated. The experimental results obtained are presented in Table. 2.
Applicability of Zucker-Hammett, Bunnett and Bunnett-Olsen hypotheses
Different hypotheses have been applied to investigate the role and activity of H + ion on the oxidation reaction. In order to determine correlation between H + concentration of rate of reaction, the two Zucker-Hammett 20 plots i.e. the plot of (log k 1 (k 1 " ) against -H 0 ) and the other plot of (log k 1 
NaLS concentration variation
Effect of variation of concentration sodium lauryl sulphate (NaLS) has been studied keeping the other reactants constant at given constant temperature.
It is clear that the pseudo first order rate constant for the given concentration range of NaLS increases with the increase in lauryl sulphate Concentration (Table. 4 ). In the present study, it has been suggested that the formation of premicellar aggregates is responsible for the miceller catalysis.
The catalysis by the concentration of micelle which is below their cmc (i.e. critical micelles concentration) is termed as premiceller catalysis as reported in the literature [24] [25] [26] The slope value 'n' obtained from this graph which is a good straight line for first and second stages are 1.86 and 2.01.These are between the expected value i.e. between 1 to 6 which is for premiceller catalysis. In the case of miceller catalysis this value should be more than 20. This is according to the binding parameters as suggested by Piszkiewicz 27 .
The results have been reported in the table 4 for both the stages. The 'n' value of positive cooperativity also supports the substrate promoted micellization which is analogous to positive cooperativity in case of enzymatic reactions [28] [29] [30] . 
Mechanism
On the basis of the results of kinetic measurements facts and discussion the following steps for the oxidation reaction of n-butyric acid in the absence and presence of sodium lauryl sulphate as catalyst has been suggested.
Mechanism and rate law for uncatalyzed oxidation
The mechanism proceeds with the formation of molecular HMnO 4 in sulphuric acid medium Which is more powerful oxidizing species of MnO 4
−
Step (2) is rate determining step. The cause of slowness is the involvement of three body collision which is difficult one. All subsequent steps are very fast and not of kinetic importance, are as follows;
... (3) ... (4) The above mechanism leads to suggest the rate expression for uncatalyzed reaction; in which the concentration of hydrogen ion and water have been withdrawn from main equation.
Where
Mechanism and rate law for catalyzed reaction
The reaction rates have been found substantially increased in presence of anionic sodium lauryl sulphate surfactant. It is assumed that due to the electrostatic interaction between nbutyric acid and micelles of surfactant leads the increase in effective concentration which is responsible for the increase in reaction rate. The very low values of number 'n' of surfactant molecules i.e. below 20 are expected in micelles. The mechanism proposed, therefore involve the substrate -surfactant interaction, with the premiceller catalysis phenomenon as the n, calculated has the value below 20. Where 'a' is for absent 
DISCUSSION
In the studied reaction the order for nbutyric acid and molecular permanganate has been found as one i.e. HMnO 4 were found one in each case.The role of surfactant is only as premiceller physical catalyst with no covalent bond formation between surfactant -substrate association. Rate law involve the acid concentration term and water molecule. Zucker-Hammett, Bunnett's and BunnettOlsen Hypotheses suggest the involvement of water molecule as a proton abstracting agent in the reaction.
